many differences between the two types of agent. The majority of the antitumour nitrosoureas have only a single alkylating function whereas in the classic alkylating agent series the presence of at least two functional arms is essential for anti-tumour activity. It is also known that tumours resistant to alkylating agents are not necessarily cross-resistant to lating agents (Bray et al., 1971 ; Young, 1 969; Shirakawa and Frei, 1970) . In studies at the cellular level (Cheng et al., 1972 ) using 14C-labelled CCNU, it has been shown that the cyclohexyl moiety binds extensivelv to protein but negligibly to nucleic acids, whereas the ethylene moiety binds only to a small extent to both the nucleic acids and proteins.
The results presented here, using the TLX5 lymphoma and a line with acquired resistance to BCNU, show essentially similar results and also demonstrate that the nuclear proteins are particularly susceptible to attack by the cyclohexyl moiety of CCNU.
MATERIALS AND METHODS
The TLX5 lymphoma was maintained by weekly intraperitoneal passage of 105 ascites cells in CBA/LAC female mice. A line with acquired resistance to BCNU was obtained by Neekly treatment of the tumour bearing animals wAith increasing dose levels of the nitrosourea as previously described (Audette et al., 1973) .
The in vitro concentration of BCNU, CCNU and chlorambucil to kill greater than 99.99% tumour cells was determined by incubating washed TLX5 ascites cells in horse serum : TC 199, 40: 60 (v/v) for 2 h at 37°C in the presence of a range of concentrations of each drug. The cell kill was estimated by injection of the incubated cells into mice and recording of the survival time as previously described (Ball et al., 1966) .
The distribution of CCNU was determined by incubating washed TLX5 ascites cells in TC 199 at a concentration of 15.0 x 106 cells/ml at 37°C. Thirty min later, labelled CCNU (1 ,uCi/5 ml cell suspension) was added at a concentration of 40 ,tg/ml and the incubation continued for 1 h. Total intracellular material was estimated by centrifuging the cells at 300 g for 5 min, dissolving the cell pellet in 10% TEH (tetraethylammonium hydroxide) and measuring radioactivity in a Packard scintillation counter model 3375. The DNA, RNA nuclear and cytoplasmic proteins were isolated from the centrifuged cells by the method of Pascoe and Roberts (1974) .
RESULTS AND DISCUSSION
The sensitivity of the two lines of the TLX5 lymphoma is shown in Table I . Both nitrosoureas are effective against the sensitive tumour at concentrations that (Schmid and Hutchison, 1972) . Table II shows the distribution of the drug intra-and extracellularly, and the amount bound to the cellular TCA (trichloroacetic acid) insoluble material, mainly protein and nucleic acids. The 14C-ethylene labelled derivative is distributed uniformly throughout the medium, since the 3.8% of label found intracellularly is the approximate percentage volume of the cells in the medium. The cyclohexvl labelled nitrosourea attains a higher intracellular concentration, which could be due to breakdown of the agent outside cells and the more efficient uptake of the cyclohexyl moiety, or to the trapping of the moiety intracellularlv because of its greater covalent reaction with cell constituents.
Despite the four-fold difference in sensitivity to CCNU, there was no significant difference in the distribution of the compound in the sensitive and resistant tumour lines. (Cheng et al., 1972; Schmall et al., 1973) . Carbamoylation of protein would explain the higher radioactivity associated with the nuclear protein fraction compared with cytoplasmic, because of the high concentration of lysine rich protein in the former. Once again, no difference was found in the amount of drug bound to the various macromolecules of the sensitive and resistant tumour lines. Although these results show clearly that the majority of the reaction taking place in cells after administration of CCNU involves carbamoylation reactions, this cannot be the sole mechanism of action since the active carbamoylating entity, cyclohexyl isocyanate, while having some properties in common with CCNU is not an effective anti-cancer agent in vivo (Oliverio, 1973 ). However, the high level of reaction with nuclear protein, probably histone, is of interest since it has been claimed that reaction with histone protein is important in the mechanism of action of both alkylating agents and alkyl nitrosamines (Riches and Harrap, 1973; Alonso and Arnold, 1974; Bhattacharya and Schultz, 1974) .
The mnechanism of action of the antitumour chloroethylnitrosoureas is thus still obscure but it is possible that its action is a complex one involving both inhibition of enzymes and structural proteins by carbamoylation and alkylation of essential macromolecules. 
